Foot-and-mouth disease (FMD) is one of the most important diseases of livestock worldwide. The causative agent, FMD virus (FMDV) is an aphthovirus from the Picornaviridae. The FMDV ORF is translated as a single polyprotein that codes for four structural proteins and eight non-structural proteins. Molecular epidemiology and evolution of FMDV have been traditionally studied using the sequence coding for VP1 (639 nt), the capsid protein containing most relevant antigenic domains. Although full-genome sequencing of this virus is not used as a routine diagnostic or surveillance tool, the availability of full-genome sequences in public repositories has increased over recent years. Previous studies have suggested that recombination breakpoints of FMDV are mostly located in the boundaries between capsid and non-capsid proteins. Here, we investigated the recombination patterns of viral lineages (determined by VP1 phylogeny) known to be endemic to Southeast Asia (SEA): FMDV serotype O lineages PanAsia and Mya-98, and serotype A lineage Sea-97). We analyzed ninety-three full ORF sequences from SEA countries and reference sequences from other Asian regions. Of these, thirty sequences were generated by our laboratory and the remaining were obtained from GenBank. We used maximum likelihood phylogenetic reconstruction for each of the protein coding regions and RDP4 to detect recombination. Specific recombinant viruses were further analyzed using RIP to visualize their mosaic patterns. Three specific mosaic viruses of lineage A/Sea97 and O/Mya98 sequences were detected. Reconstruction of the phylogenies revealed a closer relationship between O/Mya98 and A/Sea97 lineages in the non-structural proteins. We further analyzed intra-lineage recombination, using homoplasy test (after removal of mosaic sequences), revealing hot spots of recombination regions that differ depending on the lineages A/Sea97 (hotspots in VP2, 2 C, and 3 D), O/Mya98 (in Lpro, VP1, 3 C, and 3 D), and PanAsia (in Lpro and 2 C). This study integrates knowledge of molecular FMD epidemiology and the specific implications of viral recombination. Furthermore, these results suggest novel understanding of the evolutionary interdependence of FMDV serotypes and lineages. Unveiling the evolutionary mechanisms of FMDV may help predict emergence of new lineages, and inform the risk posed by co-circulating lineages in FMD-endemic regions.
